It has been suggested that the cortisol secretion of mother and fetus increases in response to the stress of delivery (Ohlander et al. 1976 ). However, there were only a few reports about the reaction of the adrenocortical glands of the mother and fetus in the cases of fetal distress and neonatal asphyxia. In this study, we measured serum cortisol levels in maternal venous (MV), umbilical arterial (UA) and umbilical venous (UV) blood after delivery, and investigated the maternal and fetal cortisol levels, especially in relation to the fetal distress and neonatal asphyxia.
MATERIALS AND METHODS
Subjects. We analyzed 180 term deliveries (105 spontaneous vaginal deliveries, 41 vacuum extractions, 26 cesarean sections and 8 breech extractions). Maternal blood was drawn from the antecubital vein immediately after delivery. UA and UV blood was collected after birth clamping the cord at two points. The samples were centrifuged and the serum was kept at -20°C until assay. All deliveries had been monitored by the electric fetal heart rate monitoring system model FMS-112 (Colometrics Co., California, USA). The criteria for fetal distress were persistent bradycardia, severe late deceleration and severe variable deceleration of heart rate. The diagnosis of neonatal asphyxia was made in cases with Apgar score of less than 6 at one minute. All delivery cases had shown good Apgar score (more than 7) in 5 min Apgar score. All infants were healthy at the physial examination 1 month later. The anesthesia was not applied for deliveries except for cesarean section. In the cesarean section cases, 18 cases had no labor, but 8 had it.
Radioimmunoassay. Serum cortisol was measured as previously reported (Furuhashi et al. 1982 ) using cortisol radioimmunoassay kit (Daiichi Radioisotope Laboratory, Tokyo). The coefficients of variation of this method was less than 10%.
Statistical analysis. Statistical analysis was performed with Student's t-test. Correlation coefficients, analysis of variance and covariance were calculated by a microcomputer TRS-80 (Radio Shack, Fortworth, Texas, USA).
RESULTS
The cortisol levels in MV, UA and UV blood were lowest in the cesarean section group in the cases of normal fetus and neonate. In spontaneous vaginal delivery, the cortisol levels in MV and UA blood were not significantly different from those in breech extraction. On the other hand, the cortisol levels in UV blood were significantly (p <0.02) higher in breech extraction than in spontaneous (Table 1) . As shown in Table 2 , cortisol levels were significantly (p <0.002-0.0001) higher in MA than in UA or UV blood. In cases of spontaneous vaginal delivery and cesarean section, cortisol levels in UA blood were significantly (p <0.0001) higher than those in UV blood.
There were 8 fetal distress cases in spontaneous vaginal deliveries as shown in Table 3 . The cortisol level in MV blood was not affected by fetal distress. Cortisol levels in UA and UV blood were significantly (p <0.01) higher in the fetal distress group than in the non-fetal distress group.
In the cesarean section group, there were 6 fetal distress cases, of which 3 cases were accompanied by neonatal asphyxia (Table 4 ). The cortisol levels in UA and UV blood were significantly (p <0.05) higher in the fetal distress cases than in the non-fetal distress cases.
The maternal cortisol levels in the cases of spontaneous vaginal delivery with (Table 5 ). There were positive correlations among cortisol levels in MV, UA and UV blood ( Table 6 ). The cortisol levels in UA blood had significantly (p <0.001) positive correlations with those in UV blood in all cases (Table 7) .
DISCUSSION
It has been reported that maternal cortisol levels increased until term, and that the near term levels were 3 times higher than the 1st trimester levels (Gibson and Tulchinsky 1980) . The details of the alteration of cortisol secretion when the fetus is severely stressed at delivery are still unclear. It was speculated that the level of maternal and fetal cortisol secretion changes in response to stress, such as (Maltau et al. 1979) , and maternal anxiety (Lederman et al. 1978) . Cawson et al. (1974) reported that the cortisol level in MV blood was higher in vacuum extraction than in spontaneous vaginal delivery or cesarean section, and that maternal cortisol levels in spontaneous vaginal delivery were higher than those in cesarean section. In our cases, maternal cortisol levels in spontaneous vaginal delivery and breech extraction were higher than those in cesarean section. There were a few reports about the maternal cortisol levels in breech extraction. The cortisol levels in UA and UV blood in spontaneous vaginal delivery and breech extraction were higher than those in cesarean section. In breech extraction, cortisol levels in UV blood were higher than those in spontaneous vaginal delivery, and it was suggested that the fetus in breech extraction was more stressed than in spontaneous vaginal delivery. It was reported that the cortisol levels in UA blood increased 2-3 times in 30-35 weeks' gestation, and 4-5 times in 36-38 weeks' compared with the cortisol levels in 20 weeks'. It was speculated that in the 3rd trimester of pregnancy, false pains began as a sign of delivery, fetus became large, intrauterine pressure increased, the placenta matured and fetal cortisol levels increased (Murphy et al. 1980) . The maternal cortisol level was higher than those in UA and UV blood. The cortisol level in UA blood was higher than that in UV blood except breech extraction. Cortisol levels in UA blood in spontaneous vaginal delivery and cesarean section were significantly (p <0.0001) higher than those in UV blood (Table 2 ). These data suggest that fetus might respond to the stress of delivery and increase the secretion of cortisol.
We found that there was no significant difference in maternal cortisol level between the fetal distress group and non-fetal distress group. Also, the cortisol levels in UA and UV blood were significantly (p <0.05-0.01) higher in the fetal distress group than in the group without fetal distress (Tables 3, 4 ). These data suggest that the fetal adrenocortex responds to the stress with out maternal effects. There were many reports about fetal cortisol origin and the endocrinological interrelationship between mother and fetus. The fetus might produce cortisol from cholesterol or progesterone itself (Sippel et al. 1981 ). Cortisone might be converted to cortisol in fetal peripheral tissue (Fencle et al. 1980 ). There was a transplacental inflow of cortisol from mother to fetus (Predine et al. 1979 ). It was indicated that dangerous obstetrical factors for fetuses might result in stimulation of fetal cortisol secretion (Ischerwood et al. 1981; Martinsen et al. 1982) . We found positive correlations among the cortisol levels of mother, fetus and neonate (Tables 6, 7 ). These data suggest that not only in favorable cases of fetus, but in unfavorable cases such as fetal distress and neonatal asphyxia, maternal cortisol secretion is not affected by the fetus. 
